Summary and reabsorption of bicarbonate, phosphate and glucose in the puppy have been found similar to the human neonate (I, 3,8). In ~e n a l uric acid e~creti00 was e u m b r d in 35 monkd puppies this report, we have defmed maturational changes in renal excreat ' 9 30, and 90 of age lea in seven mature mOngre' tion of uric acid in the mongrel puppy during the first 90 days 01 acid in flasma and urine were determined life. The mongrel puppy appears to be a suitable model for future using a uricase fluorometric metbod. Clearance of i n d o increased studies to gain into urate transport during pofinatal with postnatal age; however, fractional excretion of uric acid human development. (FEuA) decreased from 83% at birth to 51% at 90 days of age (r = -0.675, P < 0.001). Filtered uric acid and net reabsorption of MATERIALS AND METHODS uric acid increased with postnatal development. The decline in FEUA with posmatal age was -elated to b i g of uric acid to Studies were performed in 35 puppies at ages plasma proteins or to urine flow rate. A direct correlation was '9 309 60 and 90 age and in seven On the observed between clearance of uric acid (cUA) and clearance of puppies were separated from the litter 1 h prior to the (cNa) during early (r = 0.48, < O.OO1). experiment and were anesthetized with pentobarbital sodium (15-~h~ dab indcate that postnatd marnational patterns of renal 30 mg/kg) administered initially and maintained as intermittent ia mongrel puppies are sirnil= to newborns. boluses. Animals were placed on a heated operating table and ventilated via a tracheostomy with a small animal respirator (model 663, Harvard Apparatus, Millis, MA) to maintain arterial Speculation blood pH, pCOz and PO2 within the range of normal values. The high FEuA observed during early postnatal development in Solutions were infused through a PE-50 catheter inserted into the the puppy represents decreased tubular reabsorption in-superior vena cava through the external jugular vein. Mean artecreased renal tubular secretion of uric acid. In early development, rial blood Pressure (MABP) was monitored and blood samples tubular reabsorption of uric acid may be diminished as a result of were obtained through a PE-50 catheter placed into the abdominal the high extracellular fla volume (ECN). he persistence of aorta through the left femoral artery. Urine was collected through high FEUA in puppies at 2 and 3 -&s of Pge may be the result catheters placed through a suprapubic incision into the ureters to of physiologic factors which me different those in the first the level of the renal pelvis with urine volume determined by day of Ufe. The mongrel puppy appears to be an appropriate animal weight. Stability of 42 animals was determined by maintenance of model for further iavestigations of rend uric acid transport during body weight within 3% of initial weight, pH between 7.35 and human development.
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7.45, hematocrit within 3% of initial values and MABP within 6% of initial readings. Nine animals were rejected as failing to meet these criteria. Urine and plasma samples were collected on ice, Urate crystals are observed frequently in the urine of neonates, quickly refrigerated and then placed in a freezer until analyses for and several investigators have documented a high uric acid con-uric acid and sodium were performed. Erythrocytes from each centration in the urines of human newborns (6, 11, 13, 17) . blood sample were returned to the animal to maintain the hemaAlthough healthy infants apparently tolerate the large urinary tocrit near control values. GFR was determined using the renal urate load without adverse effects, the high urinary concentration clearance of [3H]-inulin (GIN) as previously described (1). Followof uric acid may predispose stressed neonates to acute urate ing an equilibration period of 45 min, three 15 min urine collection nephropathy (6) . Passwell et al. (10) evaluated renal urate clear-periods were made and arterial blood samples were drawn at the ance in 16 infants at 72 h of age and found that the fractional midpoint of each period. Sodium and uric acid were determined excretion ranged from 20-5Wo of creatinine clearance; normal on each sample. Values for clearance of uric acid (CUA), clearance values in adult humans are 612% (14) . Despite the extensive of sodium (CN.), fractional excretion of uric acid (FEVA) and interest in renal transport of uric acid in adult humans and fractional excretion of sodium (FEN.) were determined as the numerous laboratory animals, the physiologic basis for the in-mean of three clearance periods. Sodium values were determined creased renal urate excretion during early human development is on a model 5 1 flame photometer (Coleman Instruments, Oakunknown.
Brook, IL). Renal handling of uric acid is highly variable among animal Uric acid was determined by a modification of the fluorometric species (22) , and an appropriate laboratory model for studying method of Kamoun et al. (4) . Samples and standards (50 pl) were renal urate excretion during early development has not been deproteinized in 500 p1 of 0.01 M acetic acid by heating to 95°C established. We have assessed developmental patterns of renal for 15 min then centrifuging for 10 min. Deproteinized samples uric acid excretion in healthy mongrel puppies. The puppy was (200 pl) were added to 200 pl of 0. l M phosphate buffer pH 7.4 in selected for these studies because of the qualitative similarities in duplicate. Uricase, Aspergillus flavus, 0.03 units (Boehringerrenal urate transport between the mature mongrel dog and manMamheim 15 U/mg protein) was added to one tube. Each tube both exhibit tubular secretion with net reabsorption of uric acid was agitated and incubated at room temperature for 30 min with (9, 14, 16, 23, 25). Furthermore, knowledge of renal physiology in agitation for aeration after 15 min. Then 400 pl of a 1:l mixture the developing canine kidney is extensive and developmental of horseradish peroxidase (Sigma) 1 mg/ml and p-hydroxyphenyl patterns for glomerular filtration rate (GFR), sodium excretion acetic acid (Sigma) 3.7 mg/ml was added to all samples. The cuvettes were then agitated and incubated at 37°C for 30 min. utilized to compare uricase techniques and mean values between After incubation, 3 ml of phosphate buffer 0.1 M, pH 10.5 was puppies of different age groups. Adult dogs are not included in added to all cuvettes. Fluorescence for uric acid standards and age-related analyses. specimens was determined on a fluorometer (Turner model 110) with excitation maximum at 317 nm and fluorescence maximum RESULTS at 414 nm.
To determine the degree of binding of urate to plasma proteins, equilibration dialysis experiments were performed as described by Simken (19) . Cellophane dialysis tubing (M inch diameter) was heated to 100°C in distilled water and washed repeatedly with distilled water. One ml serum samples were tied in dialysis tubing and then dialyzed at 37OC in 1 liter of solution containing 0.05 M sodium phosphate buffer, pH 7.4 containin 5 m % uric acid, 5 B g. mg% sodium azide and trace amounts of 2-[ 'C]-unc acid (Amersham). After 30 h, 1.0 ml aliquots of both serum and bath were counted in duplicate with correction for quenching when equilibrium had been reached. Binding of uric acid to plasma protein would be suggested if the isotope preferentially accumulated in the serum sample. No correction was made for the Gibbs-Donnan effect. Dialysis studies were performed in serum samples from three I-day-old puppies and from three adult dogs (Table 1) . No accumulation of isotope occurred in the serum samples thus suggesting that no appreciable binding of uric acid occurred in either age group.
Statistical analysis of data as functions of age, urinary sodium excretion and urine flow rate were determined by the least squares method. The Student's t test for paired and unpaired data was The fluorometric method was compared with the enzymatic spectrophotometric method of Praetorius and Paulson (12) in 21 serum samples (uric acid concentrations 0.79-10.8 mg/dl) and in 22 urine samples. The relationship between the fluorometric technique (y) and the spectrophotometric technique (x) for all samples was y = 0.137+0.959x, r = 0.998, P < 0.001 (Fig. I) , for serum samples was y = 1.03~-0.0027, r = 0.997, P < 0.001 (Fig. 2) , and for urine samples was y = 0.967~-0.293, r = 0.996, P < 0.001.
The mean difference between samples using the two techniques was 3.76% f 0.47% S.E. Recovery of small quantities of uric acid with the fluorometric technique was determined in 65 aqueous standards (uric fcid concentration 0.198 to 1.13 mg/dl). The fluorometric technique yielded 99.45% recovery (range 85-1 l Wo, S.E. & 0.70%). Precision of the fluorometric method was assessed by comparing two consecutive plasma determinations in 20 consecutive puppies and adult dogs. The mean difference between plasma uric acid (PUA) concentrations was 0.023 m u d l * 0.006 S.E. When this difference was expressed as a % of the lowest plasma value, the mean was 7.3% f 1.6% S.E.
Data from studies in puppies at 1, 30, 60 and 90 days are compared with adult dogs in Table 2 . Body weight ( r = 0.993), MABP (r = 0.821), and dry kidney weight (r = 0.878), increased with postnatal age (P < 0.001). A direct relationship between CIN and postnatal age was observed (y = 0.965+0.132x, r = 0.697, P < 0.001), but by 90 days, GIN was still less than mean adult values (P < 0.001).
PUA decreased with age (y = 0.781-0.007x, r = 0.595, P < 0.001) ( Table 2 GIN) increased with postnatal age (y = 0.0062+0.0004~, r = 0.73 1, P < 0.001). PUA in the one day old puppies (0.90 mg/dl) was greater than mean maternal PUA values (0.25 mg/dl).
CUA increased with postnatal age (y = 0.799+0.074x, r = 0.842, P < 0.001) and did not vary with urine flow rate (r = -0.26, P > 0.4). FEuA, however, decreased with postnatal age (y = 0.827-0.0039x, r = -0.675, P < 0.001) (Fig. 3) . FEUA was highest in puppies on the first day of life; in fact, one puppy actually demonstrated net secretion of uric acid. Although FEUA at 90 days was less than at 60 days, the difference was not statistically different. FEUA in puppies studied at 90 days of age was greater than mean values for F E~A in the adult dogs (P < 0.01) ( Table 2 ).
The age-related decrease in FEuA occurred with an increasing load of filtered uric acid. Net reabsorption of uric acid (filtered uric acid -excreted uric acid) increased from 0.2-22.2 pg/min in the first 90 days of life ( r = 0.609, P < 0.001). No consistent relationship between FEN, and postnatal age was observed, although a direct relationship occurred between CUA and C N~ (y = 2.38+0.013x, r = 0.48, P < 0.001) (Fig. 4) .
DISCUSSION
The relevance of data concerning renal excretion of uric acid in laboratory studies to human renal physiology must be viewed with caution. In general, renal excretion of uric acid involves filtration at the glomerulus with reabsorption and/or secretion by the renal tubule; however, renal urate transport processes vary greatly among species (22) . Weiner (22) has categorized animals according to the qualitative direction(s) of uric acid transport and has grouped the mongrel dog with man since both exhibit net tubular reabsorption with definite evidence for renal tubular secretion. ~tudies'in mongrel puppies, therefore, might provide relevant new insights into the understanding of renal uric acid transport during early human development.
l1 r
Our data in puppies show that in spite of increased filtered load of uric acid and increasing C U~, FEUA declines from 83.20~5 1.2% during the first 3 months of life. Furthermore, FEUA at 3 months of age remains higher than FEUA in mature dogs (44.4% f 6.0). Similar values for FEUA (49.1% * 4.8) in mature dogs have been reported by Roch-Ramel et al. (16) . The decline in FEUA observed in our studies cannot be attributed to decreased GFR or to binding of uric acid to plasma proteins. The absence of protein-binding of urate in our studies substantiates an earlier report by Simken (19) O v i i 3 who found no evidence for protein binding of uric acid in adult mongrel dogs. Urine flow rate, a factor which may affect proximal urate reabsorption (18) , did not appear to explain the developmental patterns of renal uric acid excretion in our studies. Since the decline in FEUA during development was demonstrable among littermates of varying ages, it appears unlikely that inter-litter variations in renal handling of uric acid account for our findings.
Decreased renal tubular reabsorption of uric acid has been hypothesized to account for the high FEUA in human neonates (10) . The importance of ECFV upon renal tubular reabsorption in the puppy has been emphasized by Moore et al. (8) who demonstrated an increase in the bicarbonate threshold during contraction of the ECFV and by Arant (1) who showed that renal excretion of glucose increased during saline loading. Expansion of the ECFV has also been shown to increase FEUA in man (5) and in the rat (25) . One might speculate that a normally expanded ECFV in the neonatal puppy might play a role in the high FEUA observed in early development (2) . A direct relationship between CUA and CN. was observed in these studies. These data suggest that factors which influence sodium excretion might also affect renal tubular handling of uric acid; however, sodium is reabsorbed in both the proximal and distal tubule while renal uric acid transport in the mongrel dog occurs in the proximal tubule (16) . It is unknown whether the same physiologic factors account for the decrease in FEUA values between each postnatal age of study.
PUA also decreased during development, particularly during the first postnatal month. The decline in PUA observed in the first postnatal month occurred despite an increase in net tubular reabsorption of urate. The elevated PUA values during the first day of life, which were higher than maternal values, may reflect decreased extra-renal disposal of uric acid in the puppy or, more likely, decreased activity of hepatic uricase. In this regard, Mendell and Mitchell (7) observed that hepatic uricase (normally present in adult pigs) was not detectable in the livers of the newborn piglets. Hepatic uricase is present in adult mongrel dogs (24) ; however, no data are available concerning hepatic uricase in puppies. The concentrations of uric acid in the plasma of mature mongrel dogs which we observed were similar to values observed by Y* . a1. (24) .
One obs Acle tc avestigations of renal CUA in animals has been the accurate measurement of low concentrations of uric acid in the plasma. We have been unable to reliably measure uric acid at concentrations less than 1 mg/dl (adult mongrel dog PUA = 0.2 mg/dl) with the standard uricase spectrophotometric method (12) . For this reason, previous clearance studies in dogs have often been obtained during urate loading which artificially elevates the PUA concentration. Roch-Ramel and Peters (15) have recently reviewed methods for measuring low concentrations of uric acid. Fluorometric techniques have been utilized previously to measure small quantities of uric acid (4). We have modified the fluorometric technique of Kamoun er al. (4) to measure uric acid and have found this method to correlate well with the standard uricase spectrophotometric technique (12) .
The maturational patterns of renal urate excretion during development in the puppy are similar to those reported in human newborns and older children (20, 21) . The value of the puppy as a model for the study of postnatal renal maturation has been appreciated previously by numerous investigators. Our data indicate that the puppy also may serve as an appropriate animal model for future investigations of renal urate transport during development.
